We propose implementations of the Haldane and Kane-Mele models in both electronic and photonic "artificialgraphene" type systems. We first suggest an electronic realization of the Haldane model in a patterned twodimensional electron gas with broken inversion and time-reversal symmetries. Then, based on an analogy between the two-dimensional Schrödinger and Maxwell equations, we propose a photonic analogue based on a photonic crystal made of air cylinders with honeycomb symmetry embedded in a metallic background with a spatially variable pseudo-Tellegen response. The anisotropic pseudo-Tellegen coupling emulates a periodic effective magnetic field for photons. In a second step, it is demonstrated that by enforcing matched electric and magnetic responses one obtains a precise analogue of the Kane-Mele model in the same nonreciprocal photonic platform. Remarkably it is shown that by applying a duality transformation, the Kane-Mele model can be implemented using matched anisotropic dielectrics with identical permittivity and permeability, without requiring any form of bianisotropic couplings. These findings evidence the possibility to observe bidirectional topologically protected edges-state propagation in a fully reciprocal all-dielectric and non-uniform anisotropic metamaterial.
INTRODUCTION
The discovery of topological phases of matter marked a major revolution in modern condensed-matter and electromagnetics research. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Topological aspects of wave propagation were first investigated in electronics, shortly after the discovery of the quantized Hall effect. [11] [12] [13] Their study in electromagnetic systems is more recent 14 and largely inspired by their condensed matter counterpart.
15, 16
Here, we consider two electronic models that played a fundamental role in the development of topological electronics: the Haldane model 17 demonstrating that a broken time-reversal symmetry is the key ingredient to obtain a quantized Hall conductivity, 17 and the Kane-Mele model that showed that the spin-orbit coupling may imitate the effect of a magnetic field in time-reversal invariant electronic systems. 18, 19 After presenting an electronic equivalent of graphene in a patterned two-dimensional (2D) electron gas (2DEG), we show how to break the inversion symmetry (IS) and the time-reversal symmetry (TRS) in this platform in order to implement the Haldane model. Then, motivated by the fact that so far no precise electromagnetic counterparts of these models exist mainly due to the difficulties to mimic an effective magnetic field for photons, we propose an electromagnetic implementation of these models in a photonic crystal with honeycomb symmetry made of dielectric cylinders embedded in a metallic background and a spatially variable pseudo-Tellegen response. 20 Finally, it is shown that by applying a duality transformation, 21 the photonic Kane-Mele model can be implemented using matched anisotropic dielectrics with identical permittivity and permeability, without requiring any form of bianisotropic couplings.
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ARTIFICIAL GRAPHENE
In the past years several new electronic and photonic systems that mimic the electronic properties of graphene were developed.
14, 23-34 These artificial graphene platforms enable the study of the physics of the massless Dirac equation in a large variety of environments with a flexibility not available in bare graphene. In this paper we focus on a specific implementation of artificial graphene in a 2DEG under the influence of a periodic electrostatic potential V (r) with the honeycomb symmetry 35 ( Fig. 1 (a) with A = 0 and V 1 = V 2 ). This electronic system, that was proven to behave exactly as graphene, 36, 37 provides a microscopic Dirac model (through a 2D Schrödinger equation) that can be easily tuned and manipulated. In addition, thanks to an analogy between the 2D Schrödinger and Maxwell equations, this electronic platform can also serve as a basis to implement a photonic artificial graphene for TE-waves (E = E zẑ ) in a photonic crystal made of air cylinders in a metallic background with Drude dispersion 22 ( Fig. 1 (b) with ξ = 0 and ω p,1 = ω p,2 = 0). As shown next, the breaking of IS and TRS in these systems can be used to implement fundamental electronic and photonic topological models.
ELECTRONIC HALDANE MODEL
The Haldane model is a condensed-matter model of a spinless electron that consists in the generalization of the tight-binding Hamiltonian of graphene to systems with a broken IS and/or a broken TRS. 17, 38 Recently it was Figure 1 . Schematic of (a) the electronic and (b) the equivalent photonic structure used to implement the Haldane model. The Vis and ωp,is with i = 1, 2 are respectively the electrostatic potentials and plasma frequencies of the materials associated with the two different sublattices, Vout and ω p,b are the electrostatic potential and the plasma frequency of the background material, and A and ξ are the spatially dependent magnetic vector potential and pseudo-Tellegen vector, respectively. Adapted from Ref.
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shown that this model can be implemented in artificial graphene, with a broken IS realized by using different potentials V 1 and V 2 in each sublattice, and a broken TRS obtained by applying a space-varying static magnetic field B(r) = ∇ × A(r) with zero spatial average 39 (see Fig. 1 (a) ). As shown in, 39 a magnetic vector potential A as the one represented in the figure has the required symmetries to reproduce the Haldane model. The phase diagram that gives the electronic Chern number ν as function of B 0 , the peak magnetic field in Tesla, and δV = V 2 − V 1 is such that only the phase with dominant broken TRS leads to a non-trivial topology (see Fig. 2 ) and supports unidirectional edge currents that spans the entire band gap, in agreement with 17 .
PHOTONIC HALDANE AND KANE-MELE MODELS

Photonic Haldane Model
By applying the same ideas to the photonic realization of artificial graphene described in Sec. 2, it is possible to obtain a photonic analogue of the Haldane model. In this case it can be demonstrated with the same analogy that a photonic equivalent of the effect of a magnetic field on electrons is a spatially variable magnetoelectric coupling tensor of the form ξ = ζ = ξ(r) ⊗ẑ +ẑ ⊗ ξ(r). 22, 40 This type of nonreciprocal magnetoelectric coupling, known as a pseudo-Tellegen coupling, 20 is used to break the TRS while the IS can be broken by using different Fig. 3b-c, this phase is as expected topologically nontrivial and supports a unidirectional edge state whose direction of propagation is locked to the sign of the magnetoelectric coupling. Crucially, these topologically protected modes do not experience any backscattering at the corners of the cavity.
Photonic Kane-Mele Model
By further imposing a matched permittivity and permeability in the nonreciprocal system of last section, it can be shown that TE and TM polarized waves become described by two copies of the photonic Haldane model with opposite magnetoelectric couplings. 22 This paradigm constitutes an exact photonic analogue of the Kane-Mele model 19 where the electron spin degree of freedom is mimicked by the light polarization. In the band gap of such system, TE and TM polarized edge states can propagate in opposite directions without back reflections at the interface with a trivial photonic insulator. Interestingly, it can be demonstrated 21, 22 that this nonreciprocal system is linked, through a duality transformation, to a much simpler reciprocal platform with the same edge-states. Our results demonstrate the possibility of implementing the photonic Kane-Mele model with fully reciprocal materials made of matched non-bianisotropic dielectrics.
CONCLUSION
In this paper we discussed the implementation of several fundamental topological models in electronic and photonic artificial graphene. We proposed a realization of the electronic Haldane model based on a honeycomb lattice with broken TRS and IS. Then we used an analogy between the 2D Schrödinger and Maxwell equations to obtain an electromagnetic equivalent of the electronic Haldane and Kane-Mele models based on photonic artificial graphene with a spatially variable pseudo-Tellegen coupling. Interestingly, the Kane-Mele nonreciprocal platform is related through a duality transformation with a much simpler reciprocal system with the same edge states. Our analysis proves that the Kane-Mele model can be rigorously implemented using matched non-bianisotropic dielectrics and that such structures can support bi-directional edge states immune to back-scattering. Our findings 22 make a connection between the fields of time-reversal invariant topological photonics, pseudomagnetic fields 41 and symmetry protected systems. 
